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HYDRAULIC BRAKING SYSTEM OPERATED BY AN EXTERNAL FORCE 

BACKGROUND OF THE INVENTION 
This is a Continuation-In-Part Application of interna- 
tional application PCT/EP02/08187 filed 07/23/02 and claim- 
ing the priority of German application 101 47 150.5 filed 
09/25/01. 

5 The invention relates to a hydraulic braking system op- 

erated by an external force, for vehicles, in particular mo- 
tor vehicles, with at least two axles or axle lines, with 

a pressureless or low-pressure-side hydraulic reser- 
voir, 

10 - at least one primary pressure source which is fed by 
external energy and is connected to the hydraulic res- 
ervoir for the supply of hydraulic medium, 
an auxiliary pressure source which is independent of 

the primary pressure source and can be actuated by foot 
15 or hand and which is connected to the hydraulic reser- 

voir for the supply of a hydraulic medium and the de- 
livery side of which communicates with the hydraulic 
reservoir in the non-actuated state of the auxiliary 
pressure source, 

.20 - displacer assemblies, which are assigned in each case 
to a wheel brake separately for the actuation of the 
latter, 

normally closed controllable inlet valves which are in 
each case assigned separately to a displacer' assembly 
25 for the controllable connection of the latter to the 
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primary pressure source or to one of the primary pres- 
sure sources, 

normally open connecting valves which are assigned 
separately to each displacer assembly and parallel to 
5 the respective inlet valve and which are connected to 

one another, axle by axle, on their side facing away 
from the assigned displacer assembly, 

a normally closed outlet valve which is arranged be- 
tween the hydraulic reservoir and the interconnected 
10 sides of the connecting valves of a first axle, 

a normally open blocking valve which is arranged be- 
tween the delivery side of the auxiliary pressure 
source and the interconnected sides of the connecting 
valves of a first axle. 

15 

Such a braking system operated by an external force is 
the subject of US 5,988,768. 

In this braking system operated by an external force, 
moreover, the pedal actuating the auxiliary pressure source 

20 actuates a desired-value generator of a regulating arrange- 
ment which shuts off the separating valve and opens the out- 
let valve when the braking system operated by an external 
force is functioning normally. Otherwise, depending on the 
respective desired value, the control arrangement controls 

25 the inlet and connecting valves of the displacer assembly of 
the wheel brakes as a function of the sensor-detected hy- 
draulic actual pressure of the displacer assemblies or wheel 
brake cylinders. 

Should the pressure of the primary pressure source 

30 faultily fall, the separating valve and the connecting 
valves automatically fall back to their normally open state, 
while the inlet valves and the outlet valve change over to 
their normally closed state. The brake cylinders of the axle 
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assigned to the outlet valve can consequently be actuated by 
means of the auxiliary pressure source. 

Similar braking systems are the subject of DE 43 43 386 
Al and of US 5,866,822. 
5 A braking system operated by an external force, known 

from DE 196 36 432 Al, possesses a pressureless hydraulic 
reservoir, a primary pressure source, which consists of an 
electric motor driven pump connected on the suction side to 
the hydraulic reservoir and of a pressure accumulator which 

10 is arranged on the delivery side of the pump and is pro- 
tected against discharge by the pump by means of a non- 
return valve and which is recharged by the pump as a func- 
tion of pressure, and a pedal-actuated auxiliary pressure 
source which is independent of said primary pressure source 

15 and is designed in the manner of a conventional brake master 
cylinder arrangement and the delivery side of which communi- 
cates with the hydraulic reservoir in the non-actuated state 
of the auxiliary pressure source. Furthermore, each vehicle 
wheel is provided with a wheel brake with a displacer assem- 

20 bly or wheel brake cylinder for actuating the wheel brake. 
These displacer assemblies can be connected in each case via 
normally closed controllable inlet valves to the delivery 
side of the primary pressure source or to the pressure accu- 
mulator and, for pressure relief, can be connected to the 

25 hydraulic reservoir via normally closed controllable outlet 
valves assigned separately to each wheel brake. Moreover, 
the wheel brake cylinders of the wheels of each axle are 
connected to one another via a connecting line which can be 
separated by means of a normally open stop valve and which 

30 communicates on one side of the stop valve with the auxil- 
iary pressure source via a normally open valve. 

In this braking system operated by an external force, 
moreover, the pedal of the auxiliary pressure source actu- 
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ates a desired-value generator of a regulating arrangement 
which, when the braking system operated by an external force 
is functioning normally, shuts off the separating valves 
and, depending on the respective desired value, controls the 
5 inlet and outlet valves of the displacer assemblies of the 
wheel brakes as a function of the sensor-detected hydraulic 
actual pressure of the wheel brake cylinders. In this case, 
on the one hand, wheel-by-wheel control of the pressure of 
the displacer assemblies is possible; for this purpose, the 

10 shut-off valves between the displacer assemblies of an axle 
are closed and the pressures of the displacer assemblies are 
set by means of the inlet and outlet valves assigned to 
them. On the other hand, axle-by-axle pressure control of 
the displacer assemblies may also take place in that the 

15 connecting valves between the displacer assemblies of an 
axle are opened. In this case, to control the pressure of 
the displacer assemblies communicating with one another, it 
is sufficient merely to actuate one of the inlet valves as^ 
signed to these displacer assemblies and one of the assigned 

20 outlet valves, while the remaining inlet and outlet valves 
remain closed. 

All the inlet and outlet valves of this braking system 
operated by an external force are designed as identical dif- 
ferential-pressure solenoid valves, so that the maximum ob- 

25 tainable hydraulic pressure remains limited even when the 
pump charging the pressure accumulator faultily operates 
continuously, although the pressure accumulator has already 
reached its charging pressure. 

Should the pressure of the pressure accumulator fault- 

30 ily fall, the separating and connecting valves automatically 
fall back into their normally open state, while . the inlet 
and outlet valves change over to their normally closed 
state. The brake cylinders and, correspondingly, the wheel 


4 


brakes can then be actuated by means of the auxiliary pres- 
sure source. 

DE 196 22 726 Al discloses a hydraulic vehicle braking 
system, in which each vehicle wheel is assigned a wheel 
5 brake with a displacer assembly or wheel brake cylinder for 
actuating said wheel brake. These displacer assemblies can 
be connected in each case via normally opened controllable 
inlet valves to the brake master cylinder or the delivery 
side of a return pump and, for pressure relief, to the sue- 

10 tion side of the return pump via normally closed controlla- 
ble outlet valves assigned separately to each wheel brake. A 
normally open controllable changeover valve is arranged be- 
tween the master brake cylinder and the circuit between the 
displacer assemblies and return pump. A normally closed con- 

15 trollable intake valve is arranged, parallel to this change- 
over valve, between the brake master cylinder and the suc- 
tion side of the return pump. 

It is the object of the present invention to provide a 
braking system operated by an external force, which, on the 

20 one hand, allows multiply variable control and, on the other 
hand, has a particularly high safety reserve. 

SUMMARY OF THE INVENTION 
In a hydraulic braking system operated by an external 

25 force, for vehicles, in particular motor vehicles, having a 
primary pressure source which is fed by external energy and 
supplies the wheel brakes with brake pressure during normal 
operation, and having a foot-actuated auxiliary pressure 
source which supplies the wheel brakes with brake pressure 

30 during emergency operation, the degree of safety is in- 
creased in that a special hydraulic circuit is provided 
wherein only comparatively few valves between the wheel 
brakes and a hydraulic reservoir have to be closed and be 
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free of leakage, and the safety is increased by the valves 
being connected in series. 

In the case of an emergency braking operation by means 
of the auxiliary pressure source, the series connection of 
5 the outlet valves affords an extreme degree of safety, in 
that at least the displacer assemblies of the first axle, 
typically the front axle, remain operable by means of the 
auxiliary pressure source, because maintenance of the pres- 
sure is ensured by the serially arranged outlet valves. 
10 The invention and preferred features thereof will be 

described below on the basis of the accompanying drawings: 

BRIEF DESCRIPTION OF THE DRAWING 
Fig. 1 shows a circuit diagram, of a braking system oper- 
15 ated by an external force in accordance with 

US 5,988,768, and 
Fig. 2 shows a a braking system according to the invention. 

DESCRIPTION OF A PARTICULAR EMBODIMENT 
20 The braking system operated by an external force, il- 

lustrated in fig. 1, includes two hydraulic pumps 2 'and 2'', 
which are driven by separate electric motors 1' and 1' ' and 
which are connected in each case on the suction side to a 
chamber of an essentially pressureless hydraulic reservoir 3 
25 and on the delivery side to a hydraulic pressure accumulator 
4' and 4" . 

Each pump 2' or 2'' or each pressure accumulator 4' or 
4'' is assigned actuating assemblies of the wheel brakes of 
the front wheels VR, VL and of the rear wheels HR and HL, 
30 said actuating assemblies being displacer assemblies 5, 
typically known as wheel brake cylinders. 

Each displacer assembly 5 can be connected to the as- 
signed hydraulic pump 2' or 2'' or to the assigned pressure 
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accumulator 4'" or 4'' via a normally closed controllable 
inlet valve 6. A normally open controllable connecting valve 

7 is arranged in parallel with the respective inlet valve 6. 
In each displacer assembly 5, the connecting valves 7 of the 

5 front wheels VR and VL, on the one hand, and of the rear 
wheels HR and HL, on the other hand, are connected to one 
another on their side facing away from the assigned dis- 
placer assemblies 5, 

The connecting valves 7 of the front wheels VR and VL 

10 and the connecting valves 7 of the rear wheels HR and HL are 
connected, on their interconnected side, to an outlet valve 

8 which is. common to the front wheels and to the rear wheels 
and which is normally closed and allows for a controllable 
connection to the reservoir 3. 

15 Connected in each case parallel to the outlet valves 8 

is a normally open separating valve 9, via which the inter- 
connected sides of the connecting valves 5 of an axle are 
connected to a respective working chamber 10' or 10'' of a 
basically conventional dual-circuit master brake cylinder 

20 10. The master brake cylinder 10 is actuated in the usual 
way by means of a brake pedal 11. The brake pedal 11 is cou- 
pled directly mechanically to a piston 12 and hydraulically 
to a floating piston 13. The pistons 12 and 13 are urged by 
springs 14 into the initial position as illustrated which 

25 the working chambers 10' and 10'' also communicate each with 
a chamber of the hydraulic reservoir 3. As soon as the pis- 
tons 12 and 13 are displaced somewhat to the left of fig. 1, 
the connection of the working chambers 10' and 10'' to the 
reservoir 3 is interrupted. 

30 A simulator 15, the purpose of which is explained in 

more detail below, is arranged on the line leading from the 
working chamber 10'' to the separating valve 9 of the front 
axle. The simulator consists essentially of a pis- 
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ton/cylinder assembly, the piston of which is loaded by 
means of a spring in such a way that the piston seeks to re- 
duce the chamber connected to the line between the working 
chamber 10'' and the separating valve 9. The piston of the 
5 simulator can be retained immovably by means of an electro- 
magnetic locking member 16. 

An electronic control 17 is connected on the input side 
to a multiplicity of sensors, for example a travel sensor 18 
for the stroke of the pedal 11, pressure sensors 19' and 

10 19'' for the pressures in the working chambers 10' and 10'', 
pressure sensors 20' and 20'' for the pressures of the pres- 
sure accumulators 4' and 4'', and pressure sensors 21 for 
the pressures of the displacer assemblies 5 of the respec- 
tive wheel brakes. Furthermore, the electronic control de- 

15 vice 17 is regularly connected to a sensor cluster, not il- 
lustrated, by means of which parameters of the respective 
driving situation are detected, for example the rotational 
speeds of the vehicle wheels, acceleration of the vehicle 
body and the respective steering angle. 

20 The control device 17 is connected on the output side 

to the electromagnets of all the valves 6 to 9 for the ac- 
tuation of the latter. Moreover, the control 17 controls the 
motors 2' and 2'' of the pumps 1' and 1''. 

The system illustrated in fig. 1 operates as follows, 

25 normal operation being considered first: 

When the driver wishes to brake the vehicle, he actu- 
ates the brake pedal 11, so that the travel sensor 18 or a 
limit switch combined with it generates a signal for ''actu- 
ated brake pedal". As a result the control device 17 acti- 

30 vates the electromagnets of the blocking valves 9 and closes 
them. When the brake pedal 11 is actuated further, hydraulic 
medium is pushed out of the working chamber 10'' of the 
brake master cylinder 10 into the simulator 15. At the same 
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time, the travel sensor 18 signals a corresponding stroke of 
the brake pedal 11, and the pressure sensors 19' and 19'' 
signal a pressure which increases with the pedal travel and 
which is determined essentially by the characteristic of the 
5 spring loading the piston of the simulator. The travel sig- 
nals from the travel sensor 18 and the pressure signals from 
the pressure sensors 19' and 19'' are evaluated by the con- 
trol device 17 as ' desired-value stipulations for a desired 
brake actuation or braking deceleration, that is to say the 

10 control device 17 must then set a corresponding brake pres- 
sure at the displacer assemblies 5 of the wheel brakes. For 
this purpose, on the one hand, the outlet valves 8 and/or 
the connecting valves 7 are closed or kept closed and, on 
the other hand, the inlet valves 6 are at least partially 

15 opened. The pressure set in each case at the displacer as- 
semblies 5 of the wheel brakes can then be determined by the 
electronic control device 17 from "the signals of the pres- 
sure sensors 21, and the respective desired pressure setting 
on the one hand, can be increased by opening or increasing 

20 the opening of the inlet valves 6 and, on the other hand, 
can be carried out by opening, or increasing the opening, of 
the connecting valves 7, with the outlet valves 8 kept open, 
or by opening, or increasing the opening, of the outlet 
valves 8, with the connecting valves 7 being kept open. If 

25 the brake pressure of a displacer assembly 5 is to be con- 
trolled wheel by wheel, the outlet valve 8 assigned to the 
respective axle is opened, so that the pressure of the re- 
spective displacer assembly 5 can be set by the actuation of 
the* inlet valve 6 assigned to this displacer assembly 5 and 

30 of the assigned connecting valve 7. If the brake pressure is 
to be controlled axle by axle, the connecting valves 7 be- 
tween the displacer assemblies 5 of an axle are opened, so 
that the pressure of the two displacer assemblies 5 of this 
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axle can be controlled simultaneously by the actuation of 
one of the inlet valves 6 assigned to this axle or of both 
inlet valves 6 of this axle and by the actuation of the out- 
let valve 8 assigned to this axle. 
5 If necessary; the pressure accumulators 4' and 4'' are 

recharged by means of the pumps 3 and 2' ' . For this purpose, 
the control device actuates the motors 1' and 1'' as a func- 
tion of the signals from the pressure sensors 20' and 20' ' . 
It will now be assumed that a system fault occurs. For 

10 example, the control 11, which constantly checks itself and 
the system cooperating with it for correct functioning, may 
notice an error. Instead, a fault in the electrical supply 
could also have occurred. In both instances, the current 
supply to the electromagnets of the valves 6 to 9 is inter- 

15 rupted, so that these valves 6 to 9 assume the positions of 
rest illustrated in fig. 1. This is the equivalent to a 
situation in which the working chambers 10' and 10' ' of the 
master brake cylinder 10 are connected hydraulically to the 
displacer assemblies 5 of the wheel brakes of an axle and 

20 the wheel brakes are correspondingly directly actuated hy- 
draulically in a basically conventional way during the ac- 
tuation of the pedal 11. 

The embodiment illustrated in fig. 2 shows, that the 
pumps 2' and 2'' may also pump in parallel into a common de- 

25 livery line which may include a pressure accumulator 4' or a 
pressure accumulator 4'' of different design, the above- 
mentioned delivery line being assigned to the wheels of all 
the axles of the vehicle in the example of fig. 2. 

An especially essential particular feature resides in 

30 the arrangement of the outlet valves 8. In the embodiment of 
fig. 2, the outlet valves 8 are arranged in series. The 
outlet valve 8 which is assigned to the rear wheels HR and 
HL and has the associated connecting line to the intercon- 


nected sides of the connecting valves 7 of the rear wheels 
HR and HL is arranged between the hydraulic reservoir 3 and 
the outlet valve 8 of the front wheels VR and VL. 

During normal operation, there is no appreciable dif- 
5 ference due to this modified hydraulic connection of the 
outlet valves 8, as compared with the embodiment of fig. 1, 
because it may regularly be assumed that a lower hydraulic 
pressure is to prevail at the displacer assemblies 5 of the 
rear wheels HR and HL than at the displacer assemblies 5 of 

10 the front wheels. Accordingly, the outlet valve 8 assigned 
to the rear wheels is regularly opened even when the outlet 
valve 8 assigned to the front wheels has to be opened. More- 
over, during normal operation, both outlet valves may also 
remain open when the pressure of the displacer assemblies 5 

15 is in each case reduced wheel by wheel via the connecting 
valves 7. 

The circuit of fig. 2, on the one hand, has the advan- 
tage that, if appropriate, a simultaneous pressure setting 
at the displacer assemblies 5 of all the axles is possible 

20 in that the outlet valve 8 assigned to the front wheels and 
all the connecting valves 7 remain constantly open and the 
pressure of the displacer assemblies 5 is controlled solely 
by the actuation of the outlet valve 8 of the rear wheels 
and of at least one of the inlet valves 6, while the remain- 

25 ing inlet valves 6 remain closed or are at least partially 
controlled simultaneously by means of the one inlet valve 6. 

Furthermore, a great advantage is achieved in emergency 
operation. In this operating phase, it is important that no 
hydraulic medium can escape to the reservoir 3 via the out- 

30 let valves 8 which are then closed. Should the very rare 
situation arise, however, where one of these valves does not 
close completely due to contamination and therefore has a 
certain leakage, this leakage very likely does not have an 


effect on the actuation of the displacer assemblies 5 of the 
front wheels VR and VL, since two outlet valves- 8 connected 
in series would have to be simultaneously leaky. A very con- 
siderably increased degree of safety in an emergency is thus 
5 provided. 

In all the embodiments described above, it is desirable 
to keep the hydraulic system free of air or of gas. This ap- 
plies particularly to the hydraulic connections between the 
auxiliary pressure source or the master brake cylinder 10 

10 and the displacer assemblies 5 of the wheel brakes. 

For the purpose of venting the system, an operating 
mode is preferably provided whereby constant or regular 
venting is forcibly brought about. 

For this purpose, , at the end of a braking maneuver 

15 when the brake pedal 11 reaches or assumes its non-actuated 
end position, the outlet valves 8 may be closed and the 
separating valves 9 may be opened. Since the connecting 
valves 7 are open, with the brake not actuated, and since 
the inlet valves 6 are closed in this operating state, due 

20 to what is known as the lifting play, which necessarily oc- 
curs for the displacer assemblies 5, the brake shoes or 
brake blocks being actuated by the displacer assemblies 5, 
lift off from the wheel-side brake surfaces or brake disks, 
as hydraulic medium flows back toward the master brake cyl- 

25 inder 10 which, with the brake pedal not actuated, connects 
its delivery side to the reservoir 3. Correspondingly, air 
or gas or vapor bubbles which are possibly present in this 
system move toward the reservoir 3. This action can be as- 
sisted by the master brake cylinder 10 and its connections 

30 being arranged in such a way that air, gas or vapor bubbles 
possibly entering one of the chambers 10' or 10'' can rise 
toward the reservoir-side connection of the respective work- 
ing chamber 10' or 10' ' . 


This venting operation may, if appropriate, also be as- 
sisted in that, with the brake pedal 11 not actuated, the 
control device 17 temporarily opens the inlet valves 6 
slightly from time to time, while the connecting valves 7 
5 and the blocking valves 9 are opened or remain open; This 
results in a hydraulic fluid flow from the inlet valves 6 
via the assigned displacer assemblies 5 to the non-actuated 
master brake cylinder 10 and consequently to the reservoir 
3. Possible air, gas or vapor bubbles are flushed into the 

10 reservoir 3 by this hydraulic fluid flow. 

Moreover, the displacer assemblies 5 are expediently 
designed or arranged in such a way that their connection 
leading to the respective connecting valve 7 also consti- 
tutes the venting connection, into which, air, gas or vapor 

15 bubbles flow automatically because of their buoyancy in a 
hydraulic medium. 

In the embodiments of fig. 1 and 2, the chamber 10' as- 
signed to the floating piston 13 of the brake master cylin-r 
der 10 is assigned to the displacer assemblies 5 of the rear 

20 wheels HR and HL. This arrangement affords the possibility 
of limiting the travel of the floating piston 13 by means of 
a stop, as compared with the possible travel of the pis- 
ton 12 coupled mechanically to the brake pedal 11, in such a 
way that the latter piston 12 can still move further when 

25 the floating piston 13 already bears against the stop. Brake 
force limitation for the rear wheels can thereby be achieved 
during emergency operation. 

Basically, however, it is possible to exchange the con- 
nections at the brake master cylinder 10 which are on the 

30 rear-wheel side and on the front-wheel side, if different 
stroke travels for the two pistons and brake force limita- 
tion for the rear wheels can be or are to be dispensed with. 


In the example of fig. 1, motors 1' and 1' ' which are 
separate from one another are provided for the two pumps 2' 
and 2''. Instead^ it is also possible to arrange only a sin- 
gle motor and to drive-connect the latter to the pumps 2' 
5 and 2'' via two couplings parallel to one another and en- 
gageable independently of one another. 

In the example of fig. 2, if appropriate, one of the 
pumps 2' or 2'' may then be eliminated. 

The pressure on the delivery side of the pumps 2' and 

10 2'' should not exceed a predetermined maximum pressure. This 
can be carried out by the corresponding operation of the 
pumps 2' and 2'', that is to say by correspondingly switch- 
ing on and switching off the motor assigned in each case or 
by closing or opening the coupling between the respective 

15 pump 2' or 2'' and the assigned motor. 

Also, pressure-limiting valves can be provided at the 
delivery side of the pumps 2' and 2'', so that the pressure 
on the delivery side ■ is positively limited. Instead, it is 
possible to design the inlet valves 6, the connecting valves 

20 7 and the outlet valves 8 as differential-pressure valves or 
as pressure-limiting valves, so that they can open even in 
the closing state in the event of undesirable excess pres- 
sures. Moreover, the valves 6 to 8, irrespective of their 
design, can be activated by the control 17 in such a way 

25 that the pressure in the braked and/or non-braked state is 
limited to a permissible amount. 

In fig. 1 and 2, the simulator 15 is connected to the 
chamber 10'' of the brake master cylinder 10. In principle, 
the simulator 15 may also be assigned to the other chamber 

30 10' . Moreover, it is also possible to provide mechanical 
springing in the drive connection between pedal 11 and pis- 
ton 12, instead of a component which receives an increasing 
hydraulic volume in the case of an increasing hydraulic 
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pressure. This, too, ensures that, when the brake is operat- 
ing normally, the pedal 11 can execute a pedal travel 
counter to increasing resistance. 

The simulator 15, may, in principle, be lockable, lock- 
5 ing taking effect automatically especially when the change- 
over to emergency operation has to be made. The locking 
achieves a more ''rigid" coupling between the brake master 
cylinder 10 and displacer assemblies 5. Locking is not nec- 
essary for functioning, however, so that, if appropriate, it 
10 may even be dispensed with. 

Instead of mechanical locking which blocks the piston 
of the simulator 15, hydraulic locking may also be provided 
in that the supply and discharge of hydraulic medium to and 
from the simulator 15 can be blocked by means of a normally 
15 closed on-off valve. 

The pressure sensor 19' assigned to the chamber 10' of 
the brake master cylinder 10 may be eliminated, if appropri- 
ate, since the driver's intention to brake can already be 
detected by the travel sensor 18 and the pressure sensor 
20 19'' when the brake pedal 11 is actuated. 

Instead of controllable connecting valves 7 and/or con- 
trollable outlet valves 8, even simple switch valves may be 
provided, if appropriate, since the pressure of the dis- 
placer assemblies 5 and consequently the respective braking 
25 force of the wheel brakes can be regulated even solely by 
the control of the inlet valves 6. The use of control valves 
illustrated in fig. 1 and 2, has the advantage that differ- 
ent hydraulic pressures can be provided at the different 
displacer assemblies 5 of the same axle. 
30 The arrangement of valve seat-controlled valves is par- 

ticularly expedient with a view to a leakage-free closing 
state of the valves 6 to 9. 
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